A survey was carried out in five locations representing the main grapevine production areas of Duhok governorate-Iraq during 2008-2009, spring (Mar.-May.), summer (Jun. -Aug.), and fall (Sept. -Nov.) Decline symptoms on grapevines included plants that failed to thrive normal, with reducing shoot growth and chlorotic interveinal areas that later became necrotic. In a cross section of grapevine arms, the internal wood tissues were frequently dark brown to black with a wedge-shaped necrotic sector. Severe symptoms were noted during spring to summer almost in all locations. Canes (bark and wood), buds, trunks or arms (bark and wood), and roots were sampled for fungal isolation. Fungal pathogens belonging to 18 genera were isolated from green growth and roots of the grapevine samples during the four seasons. Cylindrocarpon destructans, Neofusicoccum parvum, and Tognignia minima were the main trunk pathogens found in all grape-growing regions. These three species were reported for the first time in Iraq. N. parvum was isolated with a high frequency (98-100%) from wood of arms and canes in Bajelor and Badi locations during summer and fall. T. minima was found commonly in Zawita by 37-75% of isolation in the wood of arms and canes during fall. C. destructans was the most dominant root rot fungus and was frequently isolated from almost all locations particularly in Badi (41-75% of isolation).
INTRODUCTION
Duhok Province is the largest grapevine (Vitis vinifera) producer in Iraq. In 2003, 48000 hectares were grown, which yielded an average of 265000 tons of grapes (F.A.O., 2003) . In recent years, reports from grape growers on the incidence of grapevine wood and root fungi have been increasing. Symptoms of vine decline have been described in most of the grapevine production areas around the world, such as California (Scheck et al., 1998b) , Portugal (Rego et al., 2000) , France (Larignon and Dubos, 2000) , Australia (Edwards et al., 2001) , Greece (Rumbos and Rumbou, 2001 ) and South Africa (Halleen et al., 2003) . In Iraq, no systematic study has been carried out to determine the fungi associated with vine decline. Decline symptoms on grapevine generally follow a similar pattern of development. During the first years after planting, affected grapevines grow slowly. Symptoms of the disease are: reduced vigour, shortened internodes, reduced foliage, chlorotic leaves and reduced leaf size, frequently leading to death (Scheck et al., 1998a; and Rego et al., 2000) . Larignon and Dubos (1997) concluded that Phaeoacremonium aleophilum and Phaeomoniella chlamydospora were pioneering fungi that colonized living wood, thus preparing the wood for further colonization by the basidiomycete fungi, which were responsible for the typical decay associated with esca. Mugnai et al. (1999) reported the occurrence of the different fungal species at different stages of wood decay and decay progression. Esca, also known as black measles, which is commonly associated with mature vines caused by Phaeoacremonium aleophilum (Togninia minima) as well as other species of Phaeoacremonium shows a range of symptoms from severe to mild or chronic (Edwards et al., 2001; and Gubler et al., 2004a) .
Several species of Botryosphaeria readily infect wounds, and in the case of grapevines this is especially true for pruning wounds (Castillo-Pando et al. 2001; and Phillips, 2002) . A symptom that is often associated with Botryosphaeria species is bud mortality, which leads directly to a reduction in yield. Bud mortality is often the result of young shoots being infected by the fungus early in the season. The infection develops into elongated black lesions on the internodes. These infections might lead to shoot dieback as infected shoots become swollen at the base, with the blackened cortex eventually rupturing. These shoots are consequently very brittle and may easily collapse due to their own weight. (Phillips, 1998) . Auger et al. (1999) observed dark streaking of vascular elements in roots of 'Flame Seedless' vines inoculated with Cylindrocarpon sp. Larignon (1999) described symptoms similar to Sweetingham (1983) where diseased vines characteristically displayed abnormal, weak vegetation and in some cases did not sprout at all. Often shoots also dried and died during summer. Furthermore, below-ground symptoms included abnormal root development characterized by shallow growth parallel to the soil surface (Haleen et al., 2006) . The objective of this study was study the spatial and temporal distribution of fungi associated with grapevine decline phenomenon.
MATERIALS AND METHODS
Field survey: A survey was carried out in five grapevines yards of Duhok governorate during four seasons, winter (Dec -Feb), spring (Mar. -May) and summer (Jun. -Aug.), and fall (Sept. -Nov.) during [2008] [2009] . Locations are Nizarke, Berebahar, Zawita, Bajelor, and Badi which were varied in grapevine cultivars, cultivation and training methods.
Field survey was done by surveying 60 -80 plant parts from each location. Central point of the grape vineyard was selected, four directions were determined from this point, and then 15 -20 samples were taken randomly from each one. Grapevineabove ground parts and root samples were brought to the lab. for isolation and identification. Samples include individuals showing symptoms of reduced growth and foliar chlorosis, dead arm and spure positions with poor or no shoot development.Discoloration was visually estimated as frequency of plant showing foliar symptoms on the whole plant with a 0 to 4 scores as follows: 0= Healthy plant, 1= 1-25% discoloration, 2= 26-50% discoloration, 3= 51-75% discoloration. 4= 76-100 % discoloration.
Disease incidence and disease severity of green growth of each location was estimated in spring (May) and summer (August) according to Michenny (1923) as follows:
where DS is the disease severity, d is the disease rating on each plant, dmax is the maximum disease rating possible and n is the total number of plant examined in each replicate.
Fungal isolation from complete vine tissues:
Complete vine tissues were sampled, from cane (bark and wood), bud, trunk or arm (bark and wood), leaves, clusters and roots. Small pieces of tissue from the margin between necrotic and apparently healthy tissue were surface sterilized by placing in 70% ethanol for 30 s, 1% NaOCl for 1 min and again in 70% ethanol for 30 s and then dried by filter papers. Sterilized tissues pieces were plated onto 2% potato dextrose agar (PDA) (Himedia Laboratories Pvt. Ltd. -India) containing 0.25 mg/ml chloramphenicol. Hyphae growing out from the tissue pieces were cut and subcultured onto fresh PDA plates, and incubated at 25±2 °C (Van Niekerk et al, 2004) . Sporulation was enhanced by culturing the isolates on 2% water agar bearing pieces of autoclaved grapevine canes at 25 °C with a 12/12 h photoperiod (Luque et al., 2005) .
The frequency of each isolate was determined as follows:-Colony no. of isolated fungus/plate % isolated fungus= _________________________________ × 100
Total no. of colonies/plate
The layout of the trail was factorial in a Complete Randomized Design (CRD) with three replications. The data obtained from this trial were converted to arcsine and analyzed using SAS program and means were compared using Duncan's multiple range test (SAS Institute Inc., Gary, NC, USA, 1999)
Phenotypical characterization: All isolates were grown on PDA and MEA at 25°C in darkness or under NUV + fluorescent illumination with a 12-h photoperiod (Philips /36W) for 10 -15 days until cultures sporulated. Isolated fungi were identified based on the characters in culture and on natural substrates (Ellis, 1971; Domsch et al, 1980; Boerema, 1993; Crous et al, 1996; Samson et al, 2000; Watanabe, 2002; Phillips, 2002; Petit and Gubler, 2005; Mostert et al .2005a,b; and UrbezTorres, 2006) .
1)
Botryosphaeria parva: seven isolates from different locations were used for morphological characterization. In order to enhance sporulation, cultures were placed on 2% water agar containing autoclaved grapevine wood chips and incubated at 25°C under intermittent light (12 h) (Luque et al, 2005) .Isolates were examined weekly for formation of pycnidia and conidia. Conidial morphology (shape, color, and presence or absence of septa) from pycnidia was recorded using a compound microscope .The length and width of 40 conidia were measured.
2)
Cylindrocarpon destructans: Colonies grown on PDA for 10 days were further incubated for 20 days to determine the presence or absence of chlamydosporcs. The diameter of 20 chlamydospores per isolate was measured. Length and width of 40 conidia (microconidia and one-, two-, and three-septate macroconidia) were measured.
3)
Phaeoacremonium aleophilum: The morphological and cultural characters that were recorded included phialide shape (Type I, II and III), mycelia texture, conidia and conidiophore length. The length and width of 40 conidia and phialides were measured for each isolate. (Armengol et al., 2001; Creaser and Wicks, 2001; and Oliveira et al., 2004) .
RESULTS AND DISCUSSON
In Beribahar location, Rashmew cv. grown on heading system was the most affected one compared with the other locations. The disease incidence (Table 1) was 37.5% with severity of 0.15 during spring, and then increased during summer and the highest disease severity reached 0.36. This might be due to the cultivar susceptibility, training method soil pH, and soil drought. Saido (2007) found that the decline severity of Rashmew cultivar grown on heading training system was more severe than other training systems. In Badi location, the disease development on Kamali cv. grown on T-shape system was not prominent and represent as the lesser one. The diseases severity ranged between 0.15 -0.16 throughout survey period, there was increase in the disease incidence augmented to 50% in summer. Bajelor location: The direct isolation of fungi from Taefi (cv.) was shown in Table ( 3). During winter, the most common fungus was B. parva isolated by 60.63%, 74.06% in canes' wood, and buds respectively. A. alternata was isolated from arms' wood by 68.36% and P. aleophilum from arms' wood and root by 13.95%, 17.86% respectively. In France, the occurrence of P. aleophilum in arms' wood of grape was high which shown by 78.2% (Larignon and dubos, 1997) . U. atrum was isolated by 25% from arms' bark, while Fusarium spp. was isolated by 32.90% from infected roots. During spring , results revealed that B. parva was represent as effective fungi since shown by 66.92% -75% in arms' bark, arms' wood, canes' bark, and canes' wood. C. destructans was appeared by 40.01%. During summer, B. parva was ubiquitous and more abundant (100%) in the wood of arms and canes. During fall, results revealed that B. parva occurred significantly by 60.58% in arms' bark, in addition to P. aleaophilum in arms' bark and wood by 12.37% and 8.94% respectively.
Berebar location: During winter, the most dominant fungus isolated from arms' bark was Ulocaldium atrum (68.27%). Cladosporiunm elatum (Harz) Nannf was shown by 24.74% in canes' wood, whereas P. aleophilum and Phoma spp. were detected in arms' wood by 25% in each. The frequent fungi isolated from infected roots were C. destructans and M. phaseolina (Table 4) . (Table 5) . In the arms' wood, N. dimidiatum occurrence reached to 56.72%. Fusarium spp. was isolated commonly from infected roots by 33.33%. During spring, the highest detection in the infected roots was C. destructans (45.46%), whereas N. dimidiatum continued it's dominance in arms' wood. P. aleophilum was also isolated by 8.44% from arm's wood. During summer, Phoma spp., B. parva, P. aleophilum, and Fusarium spp. were isolated by 50%, 33.33%, 37.95%, and 62.97% from arms' bark, arms' wood, and root respectively. Zawita location: During winter, A. alternata was found commonly almost in all grapevine parts. The incidence of biocontrol agent Trichoderma spp. was 55.64% in arms' bark, whereas B. parva decreased to 25% in arms' wood. The frequency of P. aleophilum in rotted roots was 22.21%, while U. atrum was 29.93% in canes' wood (Table 6 ).
[ Table ( The survey presented here allowed us to obtain more information about the etiology of the fungal pathogens associated with grapevine decline .We detected the presence of B. parva, P. aleophilum, and C. destructans almost along survey period. This study provides evidence for the presence of these pathogens in Iraqi grape vineyards as it has been described in other countries (Halleen et al., 2003; Fourie and Halleen, 2004) . These results indicated that the isolation frequency of fungi varied during the growing season in each location; this might be due to cultivar susceptibility, training method, or irrigation systems.
Plant age (ranging 10 -15 years in the surveyed locations) might have been a factor for esca development combined by P. aleophilum. Since, Mugnai et al (1999) found that 4 -5 year old vines sometimes show foliar symptoms of esca, it is only on 10-year old plants or older that symptoms and damage become more common. This age factor was related by Viala (1926) to tannin levels in the plants. These levels increase from 12 to 13 years until 25 to 30 years, which was also the case when the vines showed internal and external esca symptoms with the highest frequency and severity.
Phenotypical characterization
Phaeoacremonium aleophilum W. Gams, Crous, M. J. Wingf. et L. Mugnai. Mycologia 88:791 (1996) . Fig. (1) A -E. phialides are cylindrical occasionally wider at the base, 4 -9 × 1 -1.5 µm (av. 5 × 1.5) µm. Type II phialides are either elongate-ampulliform and attenuated at the base or are navicular, tapering towards the apex, 10-14 × 1.5-2.5 µm (av. 11 × 2) µm. Type III phialides are subcylindrical or elongateampulliform and attenuated at the base, 15 -20 × 1.5 -2 µm (av. 18 × 2) µm. Conidia are mostly oblongellipsoidal or cylindrical, 2.5 -6 ×1 -2 µm (av. 3.5 × 1.5) µm. This description was in agreement with the other investigations (Crous et al., 1996; Mostert et al., 2005b; and Mostert, 2006) . Botryosphaeria parva, Pennycook and Samuels. Mycotaxon 24:455 (1985) . 
C C
Based on morphological characters all isolates of Botryosphaeria species were identified as Botryosphaeria parva Pennycook and Samuels. The Colony diameter reached 90 mm on PDA and MEA after 10 d of incubation at 25°C. Colonies on PDA formed abundant aerial mycelium that was initially white but turned dark-olivaceous after 5-6 d at 25 °C. The reverse side was almost black in older cultures. Pycnidia usually were aggregated and appeared after 20-25 d in cultures incubated under black light with a 12 h photoperiod and appeared on the moist cane's bark after 30 days under room temperature. Conidiophores were reduced to conidiogenous cells. Conidiogenous cells hyaline, holoblastic forming conidia at their tips. Conidia hyaline, guttulate, thinwalled, non-septate, smooth, fusiform to ellipsoidal with a subobtuse apex and truncate or rounded base, often with a minute basal frill. Conidia frequently become olivaceous or light brown. Measurements of conidial dimensions of our isolates were in line with those reported by others (Pennycook and Samuels, 1985; Phillips, 2002; Slipper et al, 2005; and Urbez-Torres, 2006) .
Cylindrocarpon destructans (Zinssm.) Scholten, Neth. JL. PL. Path. 70 (Suppl. 2) 9 (1964). Conidial dimensions were in concordance with the previous identification (Petit and Gubler, 2005) .
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